Abstract
analysis with a software capable of simulating the crack initiation and propagation were 137 carried to explore the potentialities of SSFRC for this type of blocks by executing 138 parametric studies after the good predictive performance of the constitutive model has 139 been assessed by simulating the experimental tests carried out. 
Fine recycled aggregate

166
Concrete waste provenient from a building demolition site at Feira de Santana 167 (Northeast of Brazil) was used to produce the recycled aggregate. After crushing, the 168 waste was screened in sieve of 2.36 mm to produce the fine recycled concrete aggregate 169 (RA) used in this work. Mineralogical and morphological properties of recycled 170 aggregate have been carried out in a previous work [26] . The natural aggregate used as 171 reference to recycled aggregate was a fine sand (NA). Granulometry and physical 172 properties of the aggregate are shown in Table 1 In order to obtain a durable composite, whose matrix does not chemically attack the 182 sisal fiber, and with adequate rheology, the binder constituents used were composed of 183 cement CP V ARI (ASTM Type III), suitable for production of prefabricated element,
184
and two mineral additions: 40% of fly ash and 10% of silica fume as partial cement 185 substitutions.
186
In accordance with Gram [19] , the use of the fume silica ensures a higher consume of produced using similar combinations of aggregates, as shown in Table 3 . The mixtures were produced using a mixer with a capacity of 20 dm 3 . The following 245 mixing procedure was used to produce the plain concrete. Cement and fly ash were 246 homogenized in the mixer, and then the water and superplasticizer were added. Silica 247 fume and fine aggregate were added and mixed for 4 minutes at low speed (125 RPM).
248
After this, the mixing process was stopped during 30 seconds to remove the material 249 retained in the mixer walls. Then, the mixing procedure continued for more 2 minutes at 250 medium speed (220 RPM). The VMA was added and mixed for another 4 minutes at 251 125 RPM. To produce the FRC, the plain concrete was produced using the same 252 procedures as described and, before the addition of VMA, chopped sisal fibers of 40 253 mm length (Vf= 6%) were added and mixed for more 4 minutes. 
Test methods of materials
255
Water absorption tests were carried out in two cylindrical specimens of dimensions 100 256 mm in diameter and 200 mm in height according to ASTM C642 [32] .
257
The compressive test, according to NBR 5739 [33] each mix were tested under four-point bending configuration, as shown in Figure 4 .
269
From the load-deflection curves two parameters were calculated to evaluate the 
Block: geometry and production
304
The block developed in this work was produced by using the natural and recycled The SSFRC blocks were produced using a metal mold with dimensions of obtained following the recommendations of NBR 5739 [33] .
357
All slab panels were tested as simply supported slab with a span length of 2.0 m,
358
submitted to a two-concentrated line loads applied at the middle-third of this span, as 359 shown in Figure 7c . These slab panels were tested in a machine with a capacity of 100 The results of experimental analysis of PC and FRC using natural and recycled 371 aggregates are shown in Table 4 . According to the analysis of variance (ANOVA),
372
shown in Table 5 , the addition of recycled aggregate, the addition of sisal fibers and the The results of to the porosity of the recycled aggregate and the increase of the water/cement ratio.
386
The fiber addition caused an increase of absorption of about 17% and 34% relative to is presented in Table 6 . 
444
[20], however, using a matrix with higher content of cement (cement/sand ratio of 2) 445 and fibers of larger length (50 mm). Table 7 shows the load when 461 the first crack was detected, cracking load (Pcr), as well as the maximum load (Pmax) and
462
Pcr/Pmax ratio. 
486
From the load-deflection curve of the SSFRC and SSFRRC blocks, it can be seen they 
501
The effect of partial replacement of natural by recycled aggregate on the maximum load 502 capacity of SSFRC blocks was evaluated by comparison test Tukey's, as shown in Table   503 7. It was found that the recycled aggregate caused no statistically significant changes in 504 the maximum load of the blocks as well as had not affected the first crack strength of 505 the concrete, as shown in Table 6 .
506
The Pmax/Pcr ratio (shown in The structural behavior of the slabs was analyzed through the load versus displacement 518 curves ( Figure 10 ) and cracking pattern (Figures 11 and 12 ). The first stage of linear response in the tested slabs is of very small amplitude due to the 524 relatively low area of concrete in tension and tensile strength of the concrete of the pre-525 fabricated RC beams. This tendency was already observed by other authors [10, 11] .
526
Cracking load (Pcr) has occurred at a load interval between 1.8 and 2.0 kN (Table 8) .
527
This table 8 also includes the load at steel yield initiation (Py), and at serviceability limit 528 deflection state conditions (PL/250), i.e., at a deflection limit δlimit = span/250=8.4 mm. After cracking load and up to the yield initiation of the flexural reinforcement of the 534 pre-fabricated beams, the slabs with SSFRC blocks presented higher stiffness than slabs 535 with the other two types of blocks (Figure 10 ), which can be justified by the cracking 536 process shown in Figure 11 . In fact, the continuity of the cracks in the pre-fabricated 537 beams and SSFRC blocks, clearly visible in Figure 11b , demonstrates the contribution 538 of these blocks for the flexural capacity of the corresponding slabs, as is visible in 539 Figure 10 . The cracking continuity in pre-fabricated beams and SSFRC blocks also 540 indicates good bond conditions between these blocks and concrete cover layer. Table 9 were determined, where the meaning of the symbols are 591 shown in Figure 13 .
530
592 Table 9 594
Values of the parameters of the constitutive model used in the numerical simulations (obtained from Table 9 . The adopted finite element mesh is shown in so that it can be handled without the need for equipment.
651
The parametric studies were executed for the following two loading scenarios: 1) central 652 load, like the one adopted in the experimental tests; 2) load uniformly distributed in the 
656
In Figure 16 an increase of the maximum load supported by the block is verified with 657 the increase of the thickness of the wall. However, as shown in Figure 18 , the blocks 
-Conclusions
687
In this work the potentialities of short sisal fiber reinforced recycled concrete (SSFRC) 688 blocks were assessed by executing an experimental program and numerical modeling.
689
The experimental evaluation of material demonstrated that the replacement of natural 
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